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(57) Abrege/Abstract:
This Invention pertains to compositions and processes suitable for recycling post-consumer carpet tiles that comprise

poly(trimethylene terephthalate) fibers and thermoplastic polyolefin backings. The compositions disclosed herein comprise
poly(trimethylene terephthalate) and thermoplastic polyolefins, compositions which may or may not be mineral filled. Strong tough
articles can be prepared by molding or extrusion of typical commercially available carpet tles when combined with additional
amounts of thermoplastic polyolefin, whether filled or unfilled.
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(57) Abstract: This invention pertains to coms-
positions and processes suitable for recycling

rigure 1 post-consumer carpet tiles that comprise
poly(trimethylene terephthalate) fibers and
thermoplastic polyolefin backings. The com-
positions disclosed herein comprise poly(tri-
methylene terephthalate) and thermoplastic
polyolefins, compositions which may or may
5 not be mineral filled. Strong tough articles can
be prepared by molding or extrusion of typical
f commercially available carpet tiles when com-
bined with additional amounts of thermo-
R i : NQF I . plastic polyolefin, whether filled or unfilled.
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(ompgositions Comprising Polvitrimethviene lerephthalale) and

Thermopliastic Polvolefin and Procesaes Using the Compositions

Related Applications

This patent appiication is related to Uniled States Patent Application No.
61/037324 filed on April 24, 2012 as CLS711, and United States Patent
Applicaiion No. 81/637333 fded on April 24, 201 as ULa721.

ield of the Invention

This invention pertains to compositions and processes suilable for
recyoling post-consumer carpet ties that comprise poly{tnimethviens

{erephthalate) fibers and thermoplastic polyolefin backings.

Background

it is known {0 prepare compaositions of thermaopiashic olefins and
polvi{ethyiene terephthalate) using compalibilizers such as EBAGMA. See for
axampie, Benhamida el al., Macromolecular Engineering, DO
10.1002/mame. 200800280,

Hiends of F 1T and other polyesters as well as polycarbonate are

known in the art.

FPaul et al., "Mechanical Behavior of Poly{ Inimethyiene
Terephthalate P 1 1 -Polyoletin Blends for thermopiasic Engineering
Apphication,” General Foster Seassion, Matenials solutions Conterance ang
Exposition (October 18-21, 2004}, Columbus, disclose blends of less than 50
Y% by weight of LLDPE and PP in PTT prepared using a singie screw

axtruder.

1
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There 18 a compelling widespread mnierast in recycling of fabricaled
arficles of commerce upon the conclusion of their uselul ife. Among the
artictes in widespread use is carpeting, including carpet tiles. A relatively
recent addition to the markelplace are carpel tiles comprising carpet fibers
comprising poly{inmethyiene terephthalale) such as those available under the
frade name of Sorona®, avaiable from the DuPont Company. Carpet liles
will typically have fibers made from poly{inmethylene {erephthalaie} and a
packing sheei comprnsing a thermoplastic olefin or other backing, often highly
filled wilh an inorganic filier such as CalUs. Hwill be particularly useful (o

nave a technology for recyciing carpet tiles into usetul products.

Summary of the Invention

in one aspedt, the present invention provides a composition

COMprising a homogenaous mixiure of 80 10 89 % by weaight of &

thermoplastc polyolehin {1P0) and 20 1o 1 % by weight of poly{tnmethyiene
ferephthalate) (P11}, with respect (o the total weight of the thermoplastic
oiefin pius the poly{irimethyiene terephthalate).

in another aspedt, the present invention provides & process comprising

subjecting a mulli-laver article to diminution {0 torm pieces t of a size

compatibie with the feeding requirements of a meit compounder; feeding the
sieces 1o the melt compounder; causing the pieces 1o undergo melting in the
melt compounder {0 form a mell; subjecling the melt o mbang under the
application of shearing forces; mixing the meil for a penod of ime necessary
for the metll o become homogeneous,; and, causing the metlt {0 be removed
from the melt compounader, wherein the mulli-laver arlicle comprises a

thermaoplastic polyolelin and poly{irimethyiene terephthalate).

Snet Description of the Drawing

Figure 1 depicts the construction of the carpet tile emploved In the

examples.

7
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Lelaled Description

vWhen a range of values is provided herain, it s intendead {0 encompass
the end-points of the range uniess specifically staled olherwise. Numerical
vaiues used herein have the precision of the number of significant figures
provided, following the siandard protocol in chemistry for significant igures as
outlined in ASTM £29-08 Sectlion 8. For example, the number 40
SNCcompasses a range from 35.0 10 44.9, whereas {he number 40.0

encompasses a range from 349.50 {0 40.49.

AsS used herein, the ferm "copolymer” refers 10 a polymer comprising
fwo or more chemically gistinct repeat unils, such as, for exampie,

dipolymers, terpolymers, and tetrapolymers.

As used herein, the term "homogeneous” means that visual
examination of a cross-seclion of a shaped arlicle of the blend does not

reveal evidence of distinctive domains that giffer in composition.

As used herein, the term lough refers 10 a test specimen exhibiling
an elongation to break of 50 % or greater. The term “flexible” refers o the
mode of failure when a Z2mm thick molged plagus is manipulated. A flexible
sSpecmen is observed (o undergo al least 20 repeated, back and forih bends
without {ailure. In contrast, a brittie sampie, not of the invention, will undergo

oritfle faiure on the fwst atlempl 10 bend a 1/8" thick moldeg plague.,

vwhen polymer compostiions are reciied herein, i is speciiied that the
concentration of P11 and PO are expressed as percentages of the tolal
weight of the polymer, namely of the sum ol the weighis of PHT and TP0O. As
discussed in more detail, inira, the TPO as used in the art of carpet tiles is

typically heavily filed or loaded with inorganic fitler, usually Calls In those

insiances in which the TPO is filled with inorganic filler, it is only the weight of
the TPO polymer component, and not the weight of the CalCOs filler, that s

inciuded in the caiculation of weight percentages in the polymer compaosition.

3
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AS used herein, the tem multi-layer article refers to an arlicls
comprising at least wo layers, one of which is rich in a suitable TP, and the
other of whichisnichin P, The TPO can be, but need not be, filled with an
inorganic filler dispersed throughout. In one embodiment of the multi-layer

5 arlicle, the Pl i-nich iayer consisis essentially of P11 fibers that are adhered

(o the 1RO layer which is in the form of a sheet.

in one embodiment, a suitable multi-layer article 18 a carpet tile.
Larpet tiles typically have agditional layers, such as that depicted in Figure 1,

and described infra.

10 in one aspedct, the present invention provides a composiiion
CoOMpPrising a homogeneous miture of 80 to 99 % by weight of 8
thermopiasiic polyolefin and 20 {0 1 % by weight of poly(lrimethyiene
{erephinaiaie), with respect to the {olal weight of the thermoplastic olefin pius

the poly(inmethyiene terephthaiale).

15 in one embodiment of the composition |, the compostition comprises 85

{0 Y9 % by weight of thermopiastic polyolelin and 15 to 1% by weight of

poly{trimethiena terephihalate). In a further embodiment, the composition
COmprises a homogeneous mixiure of 80 to 99% by weight of the
thermoplastic polyoletin and 10 10 1% by weight of poly{irimethiene

 terephthalaie).

in one embodiment, the thermopiastic olefin s a thermopiastic olelin
aiastomer. Suitable thermopiastic olefins include but are not imited to
athylene methviacrylate, ethylenebutyl acrviate ethyiene ethyiene acrylaie,
ethiviene vinyl acelate, sthviene methacrviic acid (EMAA), ethyiene acrviic
5 acid {(EAA}, and EMAA and BEAA (hatl are parlially neulralized with Zinc and

sodium salls.

in one embodiment, the thermoplastic olefin s a melt blend of an

ethyiene/propylene copolymer and polypropviens homopolymer. In a further

.ﬁ
L
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ambodiment, the meit blend i1s a 1.1 by weignt blend of sthyleng/propyiene

COpOlyImer and polypropyiens homopolymer.

Compaiibilizing agenis for biends of poivoiefins with poly{ethyiene
ferephthalate) are well known in the arl. Copolymers of ethyiene and glycidy
methacryiale have been used exiensively for that purpose. Of particular
vaite is a terpolymer of ethylene, butyl acrviate, and glycidyl methacryiate,
known as EBAGMA. EBAGMA is available under the trade name klvaloy®

from the DuFont Company.

Addition of compatibilizing agent represents an undesirable added

cost, s & particularly surprising aspect of the present invention that at
compositions in which the PTT concentration in the blend with a PO 18 10 %
or 1088 By weight based upon the (otal weight of polymer, a suliably tougn,
fiexibie meli blend is prepared without resort {0 a compatibilizing agent {isn'
this the one with 25% Tile: 75% TP, assuming vou calculated based on

actual P11}, As the concentrafion of P11 in fthe blend is increased, the need

for addition of a compatibiizing agent, preferably EBAGMA, 1s observed (o
increase. tis anticipaied that achieving suitable foughness and flexibility in
compaosiiions comprising amounis of PHT >10 %, particulariy > 15 % will

require use of compatibilizing agent.

P11 sutiabie for the praclice of the invention inciudes both PIT
nomaoepotymer and P copolymers comprising up {o 30 mol-% of monomer
units of one or more comonomers. Preferred are P11 homopolymers, PIT is

itsell 2 monomers irom a congensation rection

in most carpet tiles, the TR0 s filled with an inorganic filler, i

particutar with Call,. i is well Known in the art that inorganic fillers cause

ambrittiement i polymers unless they are surface treated (o dimimnish
adhesion petween the polymer matnx and the filler. See for sxampie Moss,
United Slates Patent 4,698, 372, For this reason, i is important that the

CaCls employed in the TPO be combined with a surface treaiment agent,

SUBSTITUTE SHEET (RULE 26)
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as descriped in Moss, 0. Suttable surface treatment agents inciude fatly

acids, particularly slearic acid.

vhile the Calls concentration is not considered significant for the
operability of the mvention, ¢ s found that the invention is operable when the
PO contains loadings of as much as 50% by weight, even 67 % by weighi of
(al0s, based upon the total weight of the TR0 and the CaCls.

in one embodiment, the composition comprising a homogensous

mixiure of 80 {0 899 % by weight of 3 blend of ethylene/propylene copolymer

and propyiene, and 20 to 1 % by waight of polyitnmethyiene terephthalate),
with respedt (o the otal weight of the thermoplastic olefin plus the
polv{irimethyiene terephthalale); EBAGMA, and CaCs at a concentration of
at least 20 % by waight wilh respect to the {olal weight of the blend of

ethylene/oropviene and propyiene plus Cals.

in ancther aspect, thers is proviged a process comprising subjecting a
mutti-layer arlicle to diminulion to form pieces t of a size compalible with the
feeding requirements of a meit compounder, feeding the pieces {0 the melt
compounder; causing the pieces o undergo meilting it the melt compoundaar
{0 form a melt; subjecting the mell o mixing under the application of shearnng
forces: mixing the melt for a periocd of time necassary for the melt to become
nomogeneous; and, causing the melt {o be removed from the mell
compounder; wherein the multi-laver article comprises a thermoplastic

polyolefin and poly{inmethyiene terephthalate).

BSecause i is impractical {o feed typical carpet tiles into melt
DIOCessors, it is necessary {0 subdject them to diminution. Any process s

syitable, such as chopping, shredding, or cryogenic grinding. The particular

size of resultant particles required will be determined by the geometry of the

feed into the processing unit 1o be emploved, and the practicaliies of

operalion.

G
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in one embodiment of the process, wherein the P11 concentration i

the muiti-layer arlicle exceeds 20 % by weight, i a further embodiment,

axceads, 15 % by weight, in a still further embodiment, exceeds 10 % by

weight, the process turther comprises addition of further amounts of THPO -

aither Tilled or unfiiled — {0 adjust the concentration of P11 {0 be £ 20 Y% by

weight, preferably < 15 % by weight, most preferably £ 10 % by weight.

in one embaodiment, the process further comprises agaition of &
compatibilizing agent to the mell, where in the compatibilizing agent is
suitable for use i compatibiiizing mell blends of thermopiastic polyoiefing ang
polyesters. Such agents are well known in the art, and are avaiable
commerciaily, however, ther suitabiity for use i blends ot P11 and TPO was
not Known prior 10 the present invention. Suitable compalibiizing agenis
inciude but are not imded {0 copolymers ot ethylens and glycidy
methacryiate Particularly preferred are terpolymers of efhylene, butyl

acryiale, and giyvcidyt methacrylate, Known as EBAGMA.

Melt compounding o torm the Blend can be achieved using any
meihod and eguipment such as is known in the art. Both balch and
confinuous processing are suitable. However, so-called high shear mixers
are preferred. Suiiable high shear mixers include, for example, Farreli
Conlinuous Mixers, co-rofating twin screw extruders, and Brabender mixers.
oingle screw exiruders may in some contigurations be suitabile but are nol

preferred.

The paricuiar temperatures and residence times required {0 achieve
the desired degree of homogeneity will depend upon the particular

ingredients, and the desired eng use properties.

in one embodiment, the process further comprises forming the meil
inio a shape, foliowed by quenching o form a shaped arlicle. Suitabis
shaped articles include molded articles, and extruded sheets. inone

parficulany preferred empodiment, the mell biend prepared according {0 the

7
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HOCess 1S extruded as a back sheel {o a carpetl in the manutacture of carpet

lles.

The invention is further described in but nof imited by the foliowing

spectfic embodiments.

Examples

Starting Materials

in each example and comparative example following, an actual
chopped and shredded carpet tile was empioyed as a feed {o the extruder, as
described below. {he carpet tile so employed is depicled in Figure 1. The
carpet tile, 1, consisted of 1400 denier medt spun BCE {(bulk continuous
filament) carpel yarns, 2, made from 100 % P11, were tufted into a 3.5
0z/sq.va. non-woven subsirate, 3, 1o form g lufled fabrc with a 24 0z/s¢.vd.

face fiber dansity. The thus tulted carpel was subject to coaling with a iatex

dispersion of vinyl acetale sthyilene and CaCOs to form a 23 oz/sq.yd.VAE
precoal, 4. The thus prepared precoated structure was then extrusion coated
with PO containing 67% by weight of Cal0s to form a 27.3 oz/sq.yd. layer,

3. A 2 oz/sq.yd. fiberglass serim, 6, was then applied 0 the RO layer.
Finally a second PO layer was applied onto the fibergiass scrim, forming a
second 27.3 0z/sq.vd. TR0 layer

1he thus prepared carpet tile, was then subject {0 room lemperaiure

shiredding and chopping o form a mixiure of coarse granuies approximalely &

mm X 12 mm ¥ 12 mm in dimension.

Virgin 1RO containing 67 % Calls by weight was oblained as 1A147

from Lyondeli-Bassell

ESAGMA was obtained from the DuPont Company as Eivaloy,

8
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= xdrusion

The ingredienis listed in Table 2 in the proportions shown were
separately weight-loss fed {o the feed throal of a 30-mm Werner-Plleiderer
(ZSK-30) co-rotaling twin-screw exiruder with slectrically heated barrels,

S5 once-through cooling water and provided with vacuum ports. the extruder
profile was set as shown in Table 2. The mell probe lemperature refers {o 3
periodic measurement using a thermocoupie inserted by hand inio the

extruding meit.

10

TABLE 1

Tie Virgin ;
. Granules  TPO FRAGMA
Example (W%} (wt-%)  {wi%) |
Comparative Bx. A 100 4 ()
Comparative £x. B ) 100 0
- Example 1 25 75 0
Fxampie 2 503 51} 0
- Example 3 75 35 0|
Fxample S 75 70 5 |
- Example 5 90 10 o
 Example 6 90 5 5 |

Table 2

£0ne 1 2 4 Dig Meit

LA
{33
_____:;;____
0
O

' Probe

 Temperature | RT | 250 | 240 | 240 | 240 | 240 | 220 | 220 | 220 | 220 | 222283

' Set Point (°C)

Y

SUBSTITUTE SHEET (RULE 26)



CA 02873682 2014-10-08

WO 2013/163031 PCT/US2013/037351

10

15

£(

The extrusion die was a singie strand die with a 4.8 mm hole. total

axtruder throughpul was mamntained al 10 pounds per nour. Screw speed

was 125 rom, using a #4 medium working screw.

The melt strand was drawn from the strand die and immersed within a
distance of about 100 mm into a chilled water quench baih from which i was
direcied {0 a pellelizer where the thus guenched strand was cut inlo peilels

approximately 3 mm in size.

Molding

The pellels so prepared were injection molded into 4-mm 150 bars ano
Z-mm 150 plagues (60-cm by l-omj using a 1.5-0z. Arburg Allrounder 221K/
33-ton injection molding maching. The exiruder and nozzie were sel at 170
*C for all samples. The mold was not heafed. In the case of the molded
piagques, the injection ime was 15 segconds, and the holg time was 15
seconds. Cvcle time was 37.2 seconds. in the case of the molded bars,
injiection ime was 10 seconds, and the hold ime was 10 secongs. Cycie

{ime was 25.8 seconds. Mold release was emploved.

Fhysical properlies were delermined according o MIS 150 §27-4.
Each datum represents the average of 5 test spacimens. Resulls are shown
in faples 3 and 4.

10
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Table 3

AR R I I I I I B I I I I I I I I I I I I I I I I B I I R I I I R I R I I R N I I N I I I R I I I I I I I N I I I I I I N N I I I I I I N I I I I N I I N N I R I I I N I N I N I I N I I N I N N I N N I I I R I I N R I I I I I I N N I I N N N I I I N N I I I N I N I I N I N I I I I I I I N I I I I R N I N NN R N N I T I I
- - -

. Tensils

.o, " X
&&6&&&&&&6&&6.&&&&&6&&4&&&&L&&&&&&&&6&&6L.&&&&I&&&6&&&&‘&6L&&&&&J&&6L&&&&J6L&&&&&&&&6L&l&&&&L&&&l&&&&&L&&.&&&&&&&&J&&&&L&&L&&&&&6&&6&&&&&I&L&6&&&&-&6&&&&&&JL&6&&&&&&6&&6&&&&&&6&&l&&&&L&6L‘&&&&6&&6~W

comp Ex. B 634 44.0 100.3 1247
Exampie 028 81.0 o4, 118
Example 2 aa4d 118.7 G.3 113.8
Example 3 705 129.4 4.9
Example & 088 1258 3.1

Gomp. Bx. A QG 7 1746 1.605

109.7
1104
104 .1

L R R R R R R R R N R R N N R R L N L
L I I I O I I O O I I O O O O D O I O I O O O O O I O O O O O O
L R R R R R R R R R R R L N R R N N R R R R R R R R R R R R R
L A A U U R I U D A O R I R R R A
L O O R O O O O

{abie 4

L DR D D B DL D DR D D D B IR LU DR D B U B B D I B LR DR B B I B DR DL DR B LR B B B N I I I I R I I N N N N N R N N N I I I I I I I I I I R I NN I I B I

L I}
" e e e e e B o -

*
>

+ 4
A a8ttt tttlttttttttrittttttttiatttatttttttetteeatetttlestaatddsn

43 HIcN
36

- 2 R
A a1 88888810888ttt ittttttttttttttttttttttlttttttttrittttttttiatttttttttttttttttttttlttttttttittttttttiatttttttitttttttttttttlattteeterlteeetsetrtsaaaastdd

Cxample 3
Cxampie 4

L}

30.8

47

LR B B I N B B B I B B B O I O N

L I R B B B B O D B R R B B

Example 5
Cxample & ‘ 37

L D B I B I B I D D D I I I B I B D D I B B I B B B I I N I B B B I D B B L B B I B I B I B I I I B B R B B B I D I B B B B B B D I I I B I D D B B I B B B I B I B B I I B B I B B B B I D B B I O B D D I B B O B A D D B B B D B D R B B B N D B B B I D B B I D B D D I B B B I B B D B I B O D B D D D B B D B B I B B I I B B B B I I B B I I I I B I I I D L O B DR D I D D DR DD D D D L D D DR DR DR DR B B
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Claims

1. A process comprising subjecting a mulli-layer ariicle to diminution
to form pieces t of g size compalible wilh the feeding reqguirements
of a meil compounder; feeding said pieces 10 said melt

S compounder; causing said pieces (o undergo melting in said meit
compounder {o form a melt; subjecting said mell o mixing unger
the application of shearnng forces; miing said meli for & period of
fime necessary for the meit o become homogenegus; and, causing
said melt {0 be removed from saig melt compounder; wherein said

10 multi-layer article comprises a thermopiastic polyolefin and
polyitnimethyiene terepnthalale).

Z. The process of Claim 1 wherein (he thermopiastic polyolefin is
present at a concentration of 80 to 889 % by weight, and the
poty{inmethviene lerephthalate) i1s prasent at a concentration of 24

15 to 1 % by weight, with respect o the total weight of the

thermopiastic olefin and {he poiytinmethyiene terepninaiaie).

3. The process of Claim £ further compnsing forming the meltinto a

shape followed by quenching the shaped melt {o form a shaped

article,

2{} 4. The process of Claim 3 wherein the shaped arlicle is g film or

sheet.

5. ihe process of Clawm 4 wherein the film or sheel is a carpet

backing shest.

6. the process of Claim 1 turther comprising aading to the mell a
25 compatibilizing agent suitable 1or use In compatibiizing melt biends

of thermopiastic polyolefins and polveslers.

A

VL
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7. The process of Claim 6 wherein the compatipiizing agent
COMprisaes a polymer comprsing monomer unids derived from

athviene and glycidyt methacryiate.

g. The process of Claim 1 wherein the multi-layer anicle further

o COMPrises an mnorganic tiller.

4. The process of Claim 1 wherein the thermopiastic polyolelin is a
thermoplastic polyolefin elastomer which is a copolymer of ethyiene

and a higher alkene.

10. The process of Claim 20U wherein the nigher alkene Is propyiene.

10 11. A composition comprising a8 homogeneous mixiure of 30 o Y8 % by
weight of a thermoplastic polyolefin and 2010 1 % by weaignt of
poivitrimethviene {erephthalate), with respect {o the {otal weight of

the thermopiastic olelin plus the polv{inmethyiene lerephinaiate).

12. The composition of Claim 1 further comprising & compatibilizing

15 agent.

13. The composition of Claim 4 wherein the compabibilizing agent
COMprises a polymer comprising monomer uniis derived from

athviene and glyoidyl methacrylate.
14. The composilion of Claim 1 further comprising an inorganic filler.
£ 15. The compaostiiion of Claim 7 wherein the mnorganic filler s Calll; at

a concentration of al least 50 % by weight with respective to the

total weight of the thermoplastic olefin plus CaCUs.

13
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Figure 1
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